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INTRODUCTION 
We present experimental data on the stress-crazing of rubber-modified polystyrene 
under tensile load. The data were obtained by means of the simultaneous imaging of the 
infrared (IR) transmission through the sample, and the emission from it, during a uniform 
strain rate experiment. In addition, the stress and strain were also simultaneously measured 
and all of these results were correlated in time. Sharp changes are seen in the IR 
transmission and the emitted radiation at the yield point. These changes are attributed to the 
onset of the crazing. This crazing is detected by what amounts to "stress-whitening", but 
in this case using IR radiation rather than visible radiation, to which the polymer is opaque. 
EXPERDdENTALPROCEDURE 
The experimental system does IR imaging of a polymer sample while it is undergoing 
mechanical deformation in a table-top tensile tester. The experimental arrangement is 
indicated schematically in Fig. 1. 
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Fig. 1 Schematic diagram of the experimental setup (tensile tester not shown). 
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The dog-bone shaped specimen of rubber-modified polystyrene was mounted in the 
tensile tester, with a blackbody IR radiation source placed behind it, and an IR video 
camera viewing it from the front. A totating-blade mechanical chopper was placed between 
the source and the sample, such that the radiation was alternately passed on to the sample 
and camera, or blocked. The purpose of the chopper was to permit the IR camera to 
alternately record the transmitted radiation in one set of frames, and the radiation emitted 
from the sample in another set of frames. The transmitted radiation was used to record the 
changes in the internal structure of the material. The emitted radiation was used to record 
the local changes in temperature as a function of the stress and strain. In Fig. 2, we show 
selected frames from the IR camera of a sample undergoing progressive strain, with 
blocked and unblocked background radiation. The upper left frame (#35) shows a blocked 
source, with no indication of a temperature rise in the center of the sample, and the upper 
right frame (#41) the source unblocked, with the beginning of an opaque region (dark in 
the image) in the central, high stress, region. The bottom pair of images, taken at later 
times and higher strains, show (on the lower left, with the source unblocked) a larger 
opaque region, within the center of which is a heated region which is emitting IR radiation, 
and (on the lower right, with the source blocked) one with only the emitted radiation from 
the hot central region. In practice, an image such as the one on the lower right is subtracted 
from an adjacent one (like the one on the lower left) to obtain an image which contains only 
the transmitted radiation. 
Fig. 2. Selected frames of the IR image of the deformed rubber-modified polystyrene for 
blocked and open background radiation. The upper pair show a blocked source, with no 
indication of temperature rise in the center of the sample (upper left) and in the upper right, 
we have the source unblocked, and there is the beginning of an opaque region (dark in the 
image) in the high strain region. The bottom pair of images, taken at later times and higher 
strains, show (on the lower left, with the source unblocked) a larger opaque region within 
the center of which is a heated region which is emitting IR radiation, and (on the lower 
right, with source blocked) one with only the emitted radiation from the hot central region. 
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Fig. 3. Transmitted IR intensity (solid line) and change of IR emission (dashed line) 
through a small area in the center of a dog-bone tensile test specimen, together with the load 
curve (line with square symbols). 
RESULTS 
In Fig. 3, we show a typical load-elongation curve for a dog-bone-shaped specimen 
(open squares), together with the transmitted intensity (solid line), and the emitted IR flux 
(dashed line). These variables are actually plotted against time (in units of frame numbers), 
but, since the elongation proceeds at a constant rate, the horizontal axis can be regarded 
equally well as representing the elongation of the sample. It is clear from the curves that, 
as the stress approaches the yield point, the sample undergoes both a precipitous drop in IR 
transparency (solid line), and a sudden reversal in the slope of the emission curve (dashed 
line). The sudden simultaneous occurrence of these three phenomena would seem to 
indicate that they are the result of a single physical process, and that this process has a 
critical threshold. Atomic force microscope (AFM) imaging of the sample surface after 
yielding revealed a large number of permanently open microscopic cracks ("crazes") which 
were not present in the virgin material. It is therefore proposed that microscopic crazing is 
responsible for all three phenomena. The crazing itself, together with the resulting 
extension and breaking of rubber fibrils within the crazes, is probably the primary yield 
mechanism. The decrease in IR transparency then can be attributed to extensive scattering 
of the IR radiation by the crazes, which just happen to be in the few-micron size range, 
which makes them very efficient IR scatterers. (The rubber particles, which make the 
material opaque at visible wavelengths, are too small to prevent the transmission of a 
significant amount of infrared radiation in a virgin sample.) The change in the IR emission 
curve from cooling, which is always associated with the elongation of an elastic material 
(provided the thermal expansion coefficient is positive), to heating (see the dashed curve in 
Fig.3), is then atttributed to the irreversible processes associated with the cracking of the 
polystyrene matrix and breaking of the rubber fibrils. 
CONCLUSIONS 
The plastic deformation of rubber-modified polystyrene at room temperature and 
constant strain rate has been studied by means of an infrared imaging technique. The 
experimental procedure developed in the present study allows the synchronous 
measurement of the mechanical behavior of the test samples with changes in IR 
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transmission and material temperature. Measurements of IR flux through a deformed 
specimen show a dramatic decrease of material transparency near the yield point, followed 
by a sharp increase in temperature at higher tensile strains. Our data are explained in terms 
of the crazing of the polymer matrix at a critical value of the applied load. AFM analysis of 
the test specimens after fracture revealed the presence of crazing in the area which shows 
reduced IR transparency. 
This method of infrared imaging of transmitted radiation is characterized by high 
sensitivity, and can be used for diagnostics of many opaque polymeric materials and 
structures under mechanical load. 
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